Abstract-Meniscus plays fundamental roles in the knee mechanisms and functions but injuries happen in meniscus have poor healing ability that requires great interventions. Tissue engineered scaffolds serve as one of the interventions to regenerate the required tissue to treat early degenerative joint disease. The purpose of this research is to examine the effectiveness of sonication treatment system in complete cellular components removal with preserved extracellular matrix (ECM) compositions in meniscus tissues through histological and biochemical evaluations. Meniscus tissues were decellularized using sonication treatment system for 10 hours treatment time and continued with extensive washing process. Histological evaluations were based on van Gieson and Picrosirius red staining that portrayed complete cellular components removal and preserved collagen networks distribution within sonicated scaffolds respectively. Biochemical evaluations showed markedly reduction in the residual DNA content for sonicated scaffolds while maintain in collagen content. Lastly, agarose gel electrophoresis showed no visible DNA bands for sonicated scaffolds. Therefore, the results concluded that the prepared bioscaffolds by sonication treatment system managed to reduce the immunogenicity of scaffolds by removing most of the cellular components and successfully retained the properties of the extracellular matrix. Thus, it is a suitable decellularization method to be used in tissue engineering applications.
I. INTRODUCTION
Meniscus is a cartilaginous tissue which is located between femur and tibia that constantly subjected to extreme forces [1] . This occurrence makes the tissues become prone to injury especially for people active in sports. The annual mean incidence of people suffering from meniscus injury in general population is 66 per 100000 [2] . Meniscus is also known as a non homogenous tissue where it has vascular and non vascular portion. As for non-vascular part, it has limited capability for self healing due to absence of vascularization [3, 4] The principal therapeutic approach for meniscus injury had been improved from partial meniscectomy to meniscus allograft transplantation due to the inevitably long term results that cause possibility to suffer from permanent degenerative changes [5] . Currently, a clinical product that known as Menaflex TM collagen had been approved in Europe and United states to be used in meniscus implant to replace the damaged one [6] . However, it is not extensively characterized and the biomechanical benefits of the implant are still unknown.
The emerging tissue engineering strategies had been an area of interest to replace or regenerate the damaged meniscus tissues. It is focusing more on design and fabrication of the new tissues for functional restoration of the impaired function due to disease, trauma or ageing [7] .
Decellularization of xenograft tissues is one of tissue engineering application that involves the removal of cellular antigens/components while retains the biochemical cues and biomechanical strength for preparation of bioscaffolds. By removing the cells, prepared bioscaffolds would have low inflammatory response once implanted into the recipients [8] . For a fabrication of ideal bioscaffolds, no cellular components with preserved extracellular matrix (ECM) are desired. The ECM components preservation is very vital for the cells adhesion, proliferation and differentiation for in vitro and in vivo tissue regeneration [9] .
The purpose of this research is to examine the effectiveness of sonication treatment system to abolish most the cellular components in the meniscus tissues while retaining the extracellular matrix compositions which analyzed by histological and biochemical evaluations.
II. METHODS

A. Bovine meniscus tissues
Fresh bovine meniscus tissues were collected from a local abattoir at Gambang, Kuantan and stored in 1X Phosphate Buffer Saline at 4°C during transportation to the laboratory and kept in -20°C until further use. The tissues were cut into the desired size and thickness of 10 mm for decellularization treatment.
B. Sonication Treatment System
The closed sonication treatment system developed by Azhim et al. as previously described [10] [11] [12] [13] [14] involved the application of the ultrasonic power of 40 kHz in aqueous 0.1% Sodium dodecyl sulfate (SDS) solution. The meniscus tissues were kept at a constant depth of 12 mm from the ultrasonic transducer. Constant circulation of 0.1% SDS solution with the temperature of 36±1ºC was set throughout 10 hours of treatment time. For control, a simple immersion treatment was conducted with similar parameters to 2018 IEEE-EMBS Conference on Biomedical Engineering and Sciences (IECBES) sonication decellularization with an exception of ultrasonic frequency. To ensure a constant and homogeneous condition in 0.1% SDS, 70 rpm agitation was applied throughout the treatment.
C. Washing Process
After 10 hours of treatment time, the decellularized scaffolds were immersed in 1X Phosphate Buffer Saline (PBS) for 5 days with constant shaking. The PBS was replaced every 24 hours
D. Histological evaluations
Histology analyses were performed to evaluate the cellular components removal and maintenance of extracellular components after decellularization. The decellularized scaffolds (n=3) were fixed in 4% paraformaldehyde at 4°C for 24 hours. The scaffolds were then mounted in Surgipath (FSC22, Leica, USA) and was let frozen on dry ice. The prepared paraffin embedded scaffolds were sectioned into 8µm using cryostat CM1510S (Leica, USA) and placed onto glass slides. The 8µm sections were stained using van Gieson and Picrosirius red staining to evaluate the cellular components removal and collagens networks distribution within the scaffolds
E. Biochemical evaluations
For DNA quantification, forty-five (45) milligrams of lyophilized decellularized scaffolds were weighed and incubated overnight in Proteinase K solution with lysis buffer solution (Bioneer, Korea). AccuPrep Genomic DNA Extraction Kit from Bioneer (Korea) was used with standard protocol provided by the manufacturer to purify the DNA from each sample. The purity and yield of the nucleic acid obtained will be quantified by using the Nanodrop spectrophotometer at 260nm and 280nm optical density.
The collagen content was detected using the assay kit. Approximately forty-five (45) milligrams of lyophilized decellularized scaffolds were used for each experiment. Sircol Soluble Collagen Assay kit (Biocolor Ltd., United Kingdom) followed the standard collagen extraction using cold acid-pepsin protocol. The concentration of collagen content was measured using the microplate reader at 555nm.
F. Agarose gel electrophoresis for detection of DNA bands and fragments
The purified DNA samples of native, immersed and sonicated scaffolds were loaded into the wells of 1% agarose gel made with Tris-Boric acid -EDTA buffer containing ethidium bromide as gel stain. Two types of DNA ladders (100bp and 1kb) were loaded into the wells respectively. Gels were run at 100V for 45 minutes and viewed using Alpha Imager (Alpha Innotech) to detect the DNA bands and fragments.
G. Statistical analysis
The data for biochemical evaluations between different samples were analyzed using the Student t-test (SPSS) with p-value set at 0.05.
III. RESULTS
A. Histological evaluation for cellular components removal
The van Gieson staining was completed to evaluate the presence of the nucleus within the scaffolds based on surface parts. Based on Fig. 1 , there was no evidence of visible nuclei in sonicated scaffolds (C) compared to native (A) and immersed scaffolds (B). It can be seen that native tissues (A) had plenty of visible blue-black nuclei stained as shown in black circle and few stains in immersed scaffolds that did not manage to completely abolish the cellular components. 
B. Histological evaluation for collagen networks distribution
Picrosirius red staining in Fig. 2 represents the collagen networks distributions within the tissues. Native tissues showed a dense network and distribution of collagen as shown in Fig. 2A . By referring to Fig. 2B , it had porous networks distribution where the collagen might become loosely packed due to immersion treatment. The sonicated scaffolds portrayed preservation of collagen Type I and Type III represented by yellow and green color structure respectively which was still intact and resembles the collagen networks distribution in native tissues. 
C. Biochemical evaluations
As for quantitative analysis, DNA content in native, immersed and sonicated scaffolds were 28.89±0.94 ng/mg, 9.26±0.25 ng/mg and 2.307±0.07 ng/mg respectively as shown in Fig. 3 . This DNA quantification portrays significant difference (p< 0.05) in the DNA content between native tissues with immersed and sonicated scaffolds. It was observed that there was approximately 68% and 92% of DNA removal in immersed and sonicated scaffolds. Fig. 4 , the collagen content of sonicated scaffolds was 770.89±7.99 ng/mg which is higher than immersed scaffolds (680.58±7.75 ng/mg) and native tissues (613.36±5.88 ng/mg). The 1% agarose gel in Fig. 5 demonstrated the presence of DNA bands for native and immersed scaffolds. However, native tissues showed darker, denser and higher band intensity compared to immersed scaffolds. For sonicated scaffolds, there was absence of DNA bands observed.
Based on
IV. DISCUSSIONS
The biological scaffolds materials composed of extracellular matrix components derived from decellularization treatment is broadly utilized in tissue engineering application for reconstruction of new tissues. Effective decellularization treatment is dictated by the high removal of cellular components, preserved ECM compositions, ultrastructure architecture, and biomechanical strength [15] .
For immersion treatment, it was observed that the 0.1% SDS alone was insufficient to completely decellularized most of the cellular components and residual DNA as shown in Figure 1, 3 and 5 . Sonication treatment system successfully decellularized meniscus tissues with no nuclei stained in van Gieson staining with nearly complete residual DNA removal which is significant with native tissues. For further confirmation of decellularization effectiveness, agarose gel electrophoresis was completed for detection of any DNA bands and fragments within scaffolds as previously done by Pachos [16] . There were no visible DNA bands detected in sonicated scaffolds. Crapo et al. had reported three criteria for an effective decellularization in terms of cells and DNA removal. There should be no visible signs of cellular or nuclear components in histology staining, a significant reduction of residual DNA contents and <200 bp fragments detected through gel electrophoresis [17] .
For immersion treatment, the SDS detergent was the only agent responsible for decellularization treatment while for sonication treatment system, both SDS detergent and sonication has their own functions for the treatment. The SDS detergent which recognized as harsh chemicals, it tends to facilitate cell lysis process by solubilizing cells membrane, nuclear membrane and hydrophobic proteins through the formation of micelles [18] . For sonication, there are two assumptions had been made which contribute to effective decellularization treatment. First, the sonication emits some vibration in the aqueous SDS solution that facilitates the infiltration of the SDS throughout the membrane of the cells at the surface and interior parts of the tissues. Next, 40 kHz frequency generates acoustic cavitations bubbles that expand in size and collapse near to the cells which subsequently will induce shear stress effect that capable to disrupt the integrity of cellular lining [10] [11] [12] [13] [14] .
Our developed sonication system resulted in the preservation of ECM components such as collagen. Collagen is the most abundant ECM components in fibrous meniscus that accountable for the strong tensile properties. As shown in Picrosirius red staining in Fig. 2 , the collagen networks distribution of sonicated scaffolds were well preserved compared to immersed scaffolds that revealed porous collagen networks distribution. For immersion treatment, SDS detergent passes through the tissues only by slow diffusion that migrates from the surface cells to interior cells of the tissues. Due to the diffusion limitation, the SDS tend to decellularized the surface cells first and only reach the interior cells after surface cells start to release proteases that functioning to destroy proteins including the extracellular matrix in tissues which might be the reason of porous collagen networks distribution [19] [20] . As mentioned above, sonication facilitates the infiltration of SDS throughout the tissues that allow the decellularization of surface and interior cells to occur at the same time that might aid to reduce the possibility of protease to be released and consequently retained the collagen networks distribution as shown in Fig. 2. Referring to Fig. 4 , sonicated scaffolds had significant higher collagen content than native and immersed scaffolds. This is due to the relevant removal of cellular and other components such as GAGs within sonicated scaffolds that resulted in higher fractions of collagen per dry weight compared to native tissues [21] [22] [23] . The results were consistent with previous study which used 1% SDS to decellularize porcine meniscus. It was reported that nonwater soluble characteristics of collagen was not interfered by the SDS detergent and well preserved [24] . However, combining the results from picrosirius red staining and collagen content, it can be assumed that the collagens were retained within the sonicated scaffolds. These decellularization agents just cause the loose arrangement of collagen networks and not the content removal. The ECM retention within the scaffolds is vital to imitate the native tissues which provide biochemical signals that facilitate cell adhesion, proliferation, migration, and differentiation [15] .
However, this study has some limitations regarding the DNA quantification. The region of sampling for the sonicated scaffolds might affect the reading due to nonuniform distribution of acoustic intensity during decellularization process. Although there was no DNA bands detected in sonicated scaffolds, there is unpublished data of gel band analysis using Image J. Based on the Image J analysis; there were still 0.9% of residual DNA fragments within sonicated scaffolds compared to 100% in native tissues.
V. CONCLUSION
The developed sonication treatment system managed to effectively decellularized meniscus tissues derived from bovine. High cellular components and residual DNA removal with preserved extracellular matrix components concluded from histology and biochemical evaluations unveiled that sonication treated scaffolds holds great potential as outstanding scaffolds for tissue engineering application.
